Hypospadias represents a spectrum. As such, every child with hypospadias requires a dedicated surgeon who exercises appropriate judgment, and has the experience to correct each variant surgically. Over the past 3 decades, the approach to the boy with hypospadias has evolved due to the employment of newer surgical techniques, in association with an increased understanding of the embryology and anatomy of the penis, embracement of psychological advances, and with the increased safety of anesthesia. Many questions remain unanswered, and thus, surgeons must be amenable to change, as advances continue. Only by properly questioning the long-term results of past and current techniques, will we be able to truly assess the products of our toils.
variations having been described, that there is no "single right" technique but certainly, many "wrong" approaches that may be applied to that individual case.
It is an honor to be invited to contribute to the current edition of this journal devoted to pediatric surgery, especially on a subject that is all too often, still a humbling challenge. A career-long learning experience will be examined, which admittedly will also reflect my own biases, but hopefully with some logic and evidence that substantiates these approaches.
THE EARly DAyS (1980) (1981) (1982) (1983) (1984) Between 1980-1984, I was fortunate to receive my formal urological surgery training at the Boston Children's Hospital and Harvard Medical School. At that time, in North America, pediatric urology was beginning to separate itself, as a distinct specialty, separate from pediatric surgery and general urology. Many of the pioneering American pediatric urologists were offspring of the British system, primarily having had the opportunity to spend time with Sir David Innes Williams and Mr. Richard Turner-Warwick in london, and Mr. J. Herbert Johnson in liverpool. Hypospadias surgeries at that time, were often multi-staged repairs (planned or unplanned!), where all children were hospitalized in 4 point restraints for many days,
INTRODUCTION
Hypospadias represents an ongoing challenge for the pediatric surgical specialist, not to mention the patient and his parents. Each case is unique and thus requires knowledge of a wide variety of surgical options, especially when unsuspected variants arise. Having begun my own career as a trainee in Urology in 1980, it is amazing how this field has undergone change over the ensuing 3 decades.
Unlike extirpative procedures, hypospadias surgery is more of an artistic endeavor. I often will say to my trainees: "… hypospadias is like a puzzle, all the pieces are there, but just not assembled properly"; it is our quest to take those pieces and "create the perfect penis", which is cosmetically ideal, has normal sensation and functionally, allows unimpeded voiding, associated with straight erections. It is also fair to say that with hundreds of different repairs or with the goal of relocating the urethra at least to a subcoronal location on a straightened penis.
As a junior trainee in Boston, being the most junior person on the team, my initial primary responsibility was dressing removal. Dressings were cumbersome and often very adherent to the patient's skin, making removal a very unpleasant, stressful event. Around the fifth postoperative day, the children were sedated and copious amounts of mineral oil and hydrogen peroxide were placed to soak the dressing in order to ease its removal. The children, often considerably older than the age of surgery nowadays, were taken into a separate treatment room to complete the process of undressing the penis. It was never encouraging when the mousy smell of Pseudomonas was evident, a not too infrequent occurrence at that time.
Almost a decade prior to my arrival in Boston, my chairman at Harvard, Dr. Ruben F. Gittes, along with Ambrose P. Mclaughin had described the artificial erection, a technique still used today to assess ventral curvature, "chordee"(1). As chordee was always presumed to always be secondary to dysgenetic or fibrotic tissue distal to the hypospadic meatus, the urethral plate invariably was transected. I was awed by the skill of my mentors at Children's, Dr. Alan B. Retik, Dr. Stuart B. Bauer, Dr. Arnold H. Colodny and Dr. W. Hardy Hendren III, especially as their techniques evolved from common techniques such as the: Fuqua, Cecil-Culp and even Denis-Browne repairs to newer techniques being described.
The plastic surgery/urology team in Norfolk, Virginia of Horton and Devine had made great strides in developing different variations of hypospadias repair, along with furthering our understanding in techniques of tissue handling and the healing of grafts. Coincidentally Drs John Duckett and Howard Snyder were leading the "Philadelphia school", by similarly advocating one-stage repairs while introducing the MAGPI and various island flap techniques. The field of "hypospadiology" was being born, with surgeons committed to hypospadias correction beginning to be trained (2). (1984) (1985) (1986) (1987) (1988) (1989) From 1984-89, I commenced my academic position at UClA. My mentor, and colleague in pediatric urology was Richard M. Ehrlich. Importantly, he emphasized how important it was to challenge dogma, think out of the box, and especially embrace changes. He would say, "get on the steamroller or become part of the road!". His patience and friendship could not have provided more support for a (struggling) young surgeon. Together with him, we would gain an extensive experience with bladder mucosa grafts (3, 4).
STARTING ON THE ROAD OF INDEPENDENCE
Outpatient or same day surgery was now becoming the norm for the vast majority of hypospadias repairs. Psychological studies were demonstrating that genital surgery ideally should be completed in the first year of life (5). The increasing safety of modern pediatric anesthesia, as well as the fact that early postpartum "mini-puberty" of infancy due to testos-terone surge with subsequent penile growth occurs early, also supported earlier repairs. Optical magnification, finer suture material along with microsurgical techniques, in the hands of committed, now more experienced surgeons, were all contributing to improved results.
During this period of "early maturation", I would be introduced to Richard Hurwitz, a Herbie Johnston trained pediatric urologist. He and I would become the greatest of friends and encourage and stimulate one another. Together, he and I would become charter members along with 11 other neophyte pediatric urology colleagues in a group called the Society for young Pediatric Urologists (SyPU), which later (as membership accrued and charter members grew older) became the American Association of Pediatric Urologists (AAPU). That group allowed us to learn from another, gain confidence, and to innovate ourselves. Most of us maintained ties with our prior mentors as well, and I often would call Boston for advice. Still, members of our group like Mark Zaontz taught us new techniques like the Firlit collar, which he had learned from Casimir Firlit in Chicago (6).
I was developing my own approach to hypospadias, using primarily 1-stage repairs. For glanular hypospadias I used the MAGPI, while for distal repairs, the most common repair, the Mathieu and Barcat "flip flap" repairs really produced quite good results, while the King/GAP repairs were incorporated for deep grooved urethral plates. Admittedly the proximal repairs were still more of a challenge and heartbreak, and Duckett's (Asopa, Hodgson) preputial island tube, and later island onlay flaps became standards in my armamentarium. Bladder mucosa was the most common bail out procedure for prior failures (Fig. 1 ).
STEPPING OUT ON My OWN (1989-2011)
My move to Denver in 1989 forced me to become more independent as a surgeon. The calls for advice to Boston became less frequent, while the calls to Ehr- lich and Hurwitz, in los Angeles increased. Over the next 2 decades, as the worldwide web/internet gained momentum, we could then start sharing pictures with one another to supplement our conversations. Slide shows at meetings and communication by standard mail services were becoming obsolete, and soon would be replaced by power points that would allow us to rapidly share information and communicate in real time with colleagues. Photos commonly shot in the OR, had become simplified to a point today where we can use our mobile phones to take a quick shot of a situation and then send it to a colleague (colleagues) for prompt input. Clearly this technological advance has benefited us more than just for operative issues, as we can also implement its use in patient care as well. For instance, in Seattle where our referral region encompassed 25% of the landmass of the USA, we used digital pictures, sent from cell phones or email, to interact with families and patients postoperatively. Photos along with the clinical situation could be assessed, and a plan of action determined by phone or email with the family. This benefit avoids unnecessary clinical visits, while reducing costs and parental angst in the vast majority of patients (7).
Several serendipitous occurrences took place early in my tenure in Denver. Dr luis Guzman, a pediatric urologist in Monterey, Mexico, who I had met in Boston, invited me for the first time to operate outside the USA. At a workshop in Mexico, I met Mark Rich, a Duckett-Snyder trained contemporary who had described "hinging" the urethral plate (8). This is of obvious importance as shortly thereafter, I was to meet a young general urologist, who would soon change our modern approach to hypospadias, Warren Snodgrass. I was asked to moderate the pediatric urology session at the South Central Section, American Urological Association Meeting in Galveston, Texas in 1991 where he presented his early, unpublished results of the now famous operation of incised urethral plate repair (TIP), which sports his name, the "Snodgrass". To me, it made sense after learning the concept of hinging from Rich. Moreover, incising the plate allowed the lateral plate edges to be rolled ventrally and closed without tension in a Thiersch-Duplay fashion. I returned to Denver and had my own early success with the technique. Shortly thereafter, I was invited back to los Angeles where I suggested the technique to Hurwitz and Ehrlich. Tony Caldamone from Brown University had been coming to visit to collaborate with me in Denver annually and he too started to implement the operation. The last link in the chain was an invitation to me by Tony Manzoni to be a participant in his live operative pediatric urology course in Varese, Italy in the summer, 1992. John Duckett and Philip Ransley, were always participants in that course. Duckett came in to watch me do the first TIP in Europe and whispered in my ear that if the operation really worked, then anybody would be able to perform hypospadias surgery! I assembled the initial TIP results that Caldamone, Manzoni, Ehrlich, Hurwitz and I had collated, and the excellent short-term results were virtually identical in each center. I called Snodgrass, having not seen him since Galveston, and told him I would send him the data and that he should publish it as first author. After initially refusing, he finally accepted the invitation and 2 multi-authored papers on distal and proximal TIP repairs were published in the Journal of Urology (9, 10). Caldamone and I, along with other colleagues, would collaborate on papers including some pertinent to hypospadias: congenital urethrocutaneous fistula, buccal mucosa grafts and foreskin reconstruction and preservation (11, 12, 13) .
Another chance event in Denver was my meeting a British reconstructive urologist from leicester, Tim Terry. Tim established a wonderful, annual Paediatric Nephrourological meeting in the Midlands area. Based on Terry's recommendation, in 1996, I was invited to leicester for the "British Association of Plastic Surgeons' Advanced Courses in Plastic Surgery". There I met for the first time Aivar Bracka, a plastic surgeon from Birmingham, who had a phenomenal reputation in the UK, but who I had no knowledge of on my side of the Atlantic. Bracka was advocating his 2-stage repair for all comers, regardless of the severity of hypospadias. His approach was to incise the urethral plate and inlay a free graft (post auricular skin at that time) in the first stage, and then in a second stage close it using the Thiersch-Duplay method (14) . Impressed by his results, I returned to America, accepting his approach for the extremely complex group, the "hypospadias cripple". Another dear colleague, Pat Malone from Southampton, adapted a hybrid of the Bracka and Snodrass repairs, coining it the "Snodgraft" (15) .
OTHER PERSONAl PREFERENCES IN HyPOSPADIAS REPAIR
Reiterating a previous point, hypospadias repair ideally, is individualized to that given patient on the operating theater at that given moment, given the skill, knowledge, experience, and judgment of the surgeon. My preference is to see the patients after mini-puberty and make an assessment of penile and glans size in order to decide whether testosterone stimulation may be beneficial. In scenarios where there is a small glans, I do order 2 injections of testosterone 25 mgm, 6 and 2 weeks prior to the scheduled date for surgery are administered. One always must be prepared for any unexpected eventualities, preand post-operatively and this must be taken into account when counseling families. It is important to make no promises or guarantees of success and to reinforce that complications do occur, even in the best of hands, and even when the operation seemingly had proceeded uneventfully.
General anesthesia is induced and a caudal block administered in the younger patients. In older children, a local penile block is substituted. An acetamino phen suppository and a dose of intravenous ketorolac are given before awakening the patient. Pain control is essential and pre-emptive pain relief along with proper preparation of families for postoperative expectations optimizes care. With such an approach, I have had great personal success with avoid-ing the use of postoperative narcotics and antispasmodics, where I have a negative personal bias that they cause more harm than good by promoting secondary constipation. Thus postoperatively, they are discharged on a 2 day regimen of alternating acetaminophen and ibuprofen, given every 4 hours while the child is awake and then as necessary thereafter. less than 5% of my patients, even older ones call after discharge for a "stronger analgesic".
Assuming no allergies, a prophylactic dose of first generation cephalosporin is administered, and no further oral antibiotics are prescribed after surgery.
After placing a stay suture in the glans, I use the carpenter's adage that Gittes had hammered into me, "measure twice, cut once!". I thus mark my intended lines of incision and use stay sutures when necessary to highlight areas, such as my Firlit flaps. I then inject 2-3 ml in the glans and periurethral tissues of 1:100,000 epinephrine (in the USA this is combined with lidocaine/lignocaine 0.5%) for hemostasis, and thus avoid using a tourniquet. The urethra is catheterized, with a feeding tube, to drain the bladder and to assess the "substance" of the urethra. The incisions are made and the penis degloved sharply. I rarely use bipolar cautery nowadays, preferring sparse, low setting monopolar cautery using a fine "Colorado tip". Most cases of ventral curvature will have been adequately dealt with just by the degloving procedure. Still, I still perform a "Gittes test" in most cases. Even for this test, unless it is an older boy where I feel multiple artificial erections may be necessary, I don't apply a tourniquet. Baskin's elegant work on penile nerve supply, demonstrated that the 12 o'clock dorsal midline area between the neurovascular bundles is devoid of major nerves (16) . Since this important contribution, I have become a "shortener" rather than a "lengthener" when it comes to ventral curvature. I thus place absorbable 4-0 PDS sutures in areas of maximum curvature in the dorsal midline and no longer make any attempt to elevate the neurovascular bundles in the Nesbit fashion. Other than this 4-0 PDS suture, I generally use 7-0 PDS for the remainder of the steps of the operation, unless they are older. Simplicity for the team by using a minimum of instrumentation and sutures allows surgery to proceed systematically and orderly, and avoids the inefficiency of some operating theaters where there is always somebody searching for that "special" piece of equipment or suture. In some more difficult situations, I have adopted my colleague's, Joao Pippi Salle, great experience, and make multiple ventral "fairy cuts" in the ventral and lateral corporal body tunica albuginea, after elevating the urethral plate. This makes the ventrum more pliable for dorsal plication. I have seen Snodgrass make more generous incisions in the ventral tunica, extending from the 3-9 o'clock positions. There are little data, however, supporting or refuting either approach. Uncommonly, the urethral plate will need to be divided, and a corporal graft placed for severe ventral curvature. In recent years, that has been a true rarity and I have been satisfied using small interstinal submucosa (SIS) for the grafting material (17) .
The next step after the orthoplasty is urethroplasty. Suffice it to say, I tailor this to the patient. Probably 75% of my current primary repairs employ TIP techniques. I occasionally will use the flip flap, an island onlay flap, or a free preputial inlay graft in those cases where I judge the urethral plate to be less than ideal for the TIP. Rarely I will still do variations of the MAGPI, the GAP/King technique, or advance the intact urethra distally as described years ago by Stephen Koff (18, 19) . I use a 6F Koyle diaper stent ® (Cook Medical Inc., Bloomington, IN., USA) which I attach with several loosely tied 7-0 PDS sutures to the glans. The concept of this silastic stent is to have a wider circumference (8F) in the fossa navicularis and hopefully minimize the potential for distal stenosis long term (Fig. 2) . It also has excess distal tubing to make it perfect for a double diaper set up. In general, the stents will fall out by themselves in 7-12 days. I have had some fall out early on and make no attempt to replace them and the longest one has remained in place is 29 days. Since they are loosely tied, the fam- Fig. 2 . The Koyle stent. The stent is inserted (A) and then sutured to the glans so that it may spontaneously fall out at home (B). It is wider in the area of the fossa navicularis so that the template for the distal urethra will be wider and stenosis risk minimized.
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ilies are often comfortable cutting the sutures in cases where the catheter is retained beyond 2 weeks, again avoiding an office visit. Only in exceptional cases, usually older boys who have had multiple, complex repairs, will I consider a supra-pubic tube. I find that the hardest part of the operation to teach to trainees and to conceptually describe is the phalloplasty/penile coverage. It is important to assure normal penoscrotal and penpubic angles. Thus scrotoplasty may be necessary and rarely defatting of the pubic area is required in order to assure anatomical detail. Perhaps the best words of advice are to not discard any skin until one is certain that this tissue is not necessary. I use the 7-0 PDS in a subcuticular, interrupted fashion and apply Cyanoacrylate/Dermabond ® . (Ethicon Inc., Somerville, NJ, USA) ( Fig. 3) . Subcuticular suture placement avoids through and through mattress sutures and hence the potential for developing cutaneous suture tracks, which in the past could be bothersome to occasional patients. The Dermabond also creates an additional barrier, which may minimize re-adhesion of potential raw surfaces to one another.
Dressings have been placed with the hypothesis that they not only create a protective barrier, but also immobilize the penis and hence reduce the risk of bleeding and edema. My bias is to apply a Tegaderm dressing (3M Inc, St. Paul, MN, USA) over the Dermabond and let it peel off in the tub with time (Fig. 4) . The rationale has been based on my early negative experience with other dressings, the simplicity of the Teagderm, but most importantly parental issues. Although in the literature the outcomes may be similar with and without a dressing, I have found that the parent calls and worries are exacerbated when there is no dressing left. Again, I also feel that dressing and a generous application of water-soluble ointment minimizes the chance of the penis sticking to the diaper. So essentially I apply a dressing for my convenience and in order to reduce parental/patient anxiety.
Philosophically I learned from Rick Ehrlich that we are products of our environment, and, perhaps, because it might be our inherent surgical personality, we are not good at accepting new ideas and approaches. I believe there are a lot of unsubstantiated rules and myths in surgery that we incorporate into our practices. Resultantly, I try to "keep things simple" for the operating personnel and the family. With respect to children, this approach implies that we should treat children as children, not breakable dolls. Postoperatively, I thus impose no restrictions of any kind. The child may bathe normally and diaper changes are as they were prior to surgery, with the exception of thoroughly explaining the double diaper system. Families are encouraged to contact our nurse practitioners the day following surgery to report the child's status and to have any acute questions answered. As we are all aware, one of the great art forms in surgery is the psychology of dealing with the parents. Compared to my early armamentarium in the 1980's ( Fig. 1) , Fig. 5 depicts a simplistic example of what I am most likely to do in the operating today. The caveat, however, is to not go the operating Fig. 3 . Subcuticular closure of the "phalloplasty" may minimize suture tracks that often were seen in the past. Dermabond is then applied as a second barrier layer. theater with a preconceived approach, but rather to individualize an operative plan based on what I encounter once the penis is assessed with the child under anesthesia.
Complex, re-do cases are beyond the scope of this manuscript but in general, to paraphrase Horton and Devine I believe, that for complications, surgeons have a "…tendency to attempt small operations, hoping to convert failure into success with a minimum of effort. This generally makes matters worse" (20) .
CONClUSIONS
Hypospadias repair has been an evolutionary, ever changing surgical challenge for the just over quarter century that I have been a pediatric urologist. Our understanding of the genetics, embryology, anatomical variants, and epidemiology continue to enhance the science of the subject. long term data analyses of functional, cosmetic and psychological outcomes after surgery is sparse and necessary to judge are true quality of outcome. Perhaps this closing comment written 70 years ago regarding hypospadias best describes the field of hypospadias surgery:
"Hypospadias is a grievous deformity which must ever move us to the highest endeavor. The refashion-ing of the urethra offers a problem as formidable as any in the field of our art. The fruits of success are beyond rubies-the gratitude of a boy has to be experienced to be believed" (21) .
